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EXPERIMENTAL VERIFICATION OF AN INVERSION ALGORITHM 
FOR FLAW CHARACTERIZATION USING EDDY-CURRENTS 
INTRODUCTION 
Harold A. Sabbagh and L. David Sabbagh 
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Bloomington, IN 47401 
In this paper we report the results of an experimental veri-
fication of our inversion algorithm in [1,2] for the reconstruction 
of flaws within tube walls. The intent of the algorithm is to 
improve the quantification of flaws by determining their shape as 
well as size. This is done by "imaging" the flaw on a spatial grid 
by computing the values of electrical conductivities that are to be 
assigned to each cell or pixel of the grid. This will give us the 
ability to obtain muCh more information about the nature of the 
flaw when compared with current methods. 
By "flaw" we mean virtually any departure of a medium from a 
standard nature which is known a priori. Our method assumes no a 
priori information about the flaw as is needed in signal detection 
methods where large data bases containing known flaw information 
are used, nor does it assume that the flaw is small enough to be 
approximated by a dipole. 
FORMULATION 
The model equations were based on rigorous electromagnetic 
theory. A discussion of these equations appears in [1,2,3,4]. The 
reconstruction algorithm was based on least squares technique and 
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the actual implementation used a modification of ART (algebraic 
reconstruction technique). See [4,5,6]. This technique was used 
in preference to the QR of Singular Value decompositions because 
of problem size. In applying the ART algorithm of [4], we set the 
Levenberg-Marquardt parameter, A = 0.01, and the relaxation para-
meter, r = 0.25. 
The reconstruction grid had 110 columns in the axial (hori-
zontal) direction and 10 rows in the radial (vertical) direction. 
This resulted in 1100 pixels or cells and thus in a problem with 
1100 unknowns. Each pixel measured 0.002" in the axial direction 
by 0.003" in the radial direction; thus the grid covered a region 
of 0.220" by 0.030". The data were acquired using a NORTEC NDT-15 
EDDYSCOPE by moving a differentially connected probe coil through 
512 positions along the tube, with a spacing of 0.002" between coil 
positions. Thus, the amount of data available for reconstructing 
each flaw were 512 X- and Y- channel EMF's (1024 equations). These 
data were preprocessed prior to presentation to the reconstruction 
algorithm. The preprocessing consisted of rotating the ~ and Y-
channels into real and imaginary (or in-phase and quadrature) com-
ponents of EMF, and scaling these results for calibration purposes. 
Figure 1 shows a schematic of the data gathering system. 
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Fig. 1. Schematic of data acquisition system. 
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RESULTS 
The experiment we performed consisted of being given data for 
seven flaws (EDM notches) and, using these as inputs to our algo-
rithm, reconstructing the flaw. The precision of the data was 8 
bits. This fact, together with uncertainties in tUbe wall thick-
ness and inner diameter and uncertainties in the electrical con-
ductivity of the host material (which is a characteristic of the 
EDM process), produce an equivalent "noise," Le., a departure from 
an ideal model. This tested the robustness of our method. 
An important aspect of our method is that only one known flaw 
is needed to calibrate our system, whereas other methods require a 
series of known flaws for this purpose. 
The actual flaw whose reconstruction appears in Figure 2 
measured 0.100" by 0.019" and had a rectangular shape. Since each 
pixel of our grid was a .002" by 0.003", we. see that our reconstruc-
tion shows a flaw that is rectangular in shape and measures approxi-
mately 0.095" by 0.019". 
The actual flaw whose reconstruction appears in Figure 3 had a 
triangular shape and was 0.200" by 0.024". Again our recons truction 
shows a triangular shape and measures 0.154" by 0.022". 
Other reconstructions, which we have not shown, gave similar 
results, and, in all cases were 80 percent accurate in sizing the 
flaw in the axial and radial dimensions and in determining the 
shape. The spurious region in Figure 2, we believe, is due to 
noisy data or insufficient convergence of the algorithm. However, 
when we performed experiments on computer generated flaws, we 
didn't get this phenomenon, nor do we get it in the reconstruction 
shown in Figure 3. Both of the flaws in Figures 2 and 3 were recon-
structed with the same number of iterations (10). These facts lend 
credence to the idea that the production of the artifact is data 
dependent. 
Due to the resolution of our grid we were able to shape the 
flaw, something we were unable to do well with a coarser grid. 
However if the flaw covered the entire 0.220" length of the grid, 
we were unable to reproduce the full depth of a triangular flaw, 
though we were always able to establish the depth to an accuracy 
of 80 percent. One possible solution is to gather data at several 
frequencies, including some low frequencies. Again, with computer 
generated flaws and lower frequencies, we didn't have this problem. 
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COMMENTS AND CONCLUSIONS 
This experiment indicates that it is possible to process data 
that has been acquired conventionally in such a way as to permit 
improved quantification of flaws. The method described here is 
quite flexible and is not restricted by an a priori assumption 
about the size of the flaw, nor does it require an extensive data 
base of known flaw signatures. This improved flexibility doesn't 
require extensive preprocessing of the data; for example, only a 
single known flaw is required for calibration purposes. The method 
is computationally intensive, however, and its extension to three 
dimensions may well require the solution of 10,000 to 100,000 equa-
tions in as many unknowns. The algorithm that we apply, being 
based on the algebraic reconstruction technique, is well suited to 
problems of this size. Also, in the presence of the uncertainties 
in the data and in the departure from an ideal model, the results 
show that our method is robust. With the increased performance of 
small computers, this technique should be quite promising. 
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